Background: Over 35 million alcohol-impaired (AI) patients are cared for in emergency departments (EDs) 
C are of alcohol-impaired (AI) patients present a significant challenge to emergency department (ED) providers. Of the 110 million ED patients seen annually in the United States, an estimated 24% to 31% screen positive for alcohol problems. [1] [2] [3] Alcohol is involved in up to 47% of traumatically injured ED patients, 4 ,5 with alcohol-related ED visits 1.6 times more likely to be seen for assessment of injury. 1 Alcohol intoxication is a confounder of medical assessment in general; previous research reported that 16% of alcohol-intoxicated patients found to have intracranial hemorrhage had recognition of their injury delayed by over 12 hours because they were obscured by clinical intoxication and by inconsistent examinations. 6, 7 With such a large number of AI ED visits, there is also a significant monetary cost. In 2010, a study of all visits for patients 12 years and older with a first listed diagnosis of alcohol related condition showed a median health care cost of $8,109 for males and $2,838 for females. 8 AI patients also receive more imaging and have a longer ED stay compared with non-alcohol-exposed controls. 7, 9, 10 Importance At present, the assessment of degree of impairment in alcohol intoxicated ED patients relies on subjective evaluations by the bedside health care providers and on unformatted documentation of that impairment. The lack of an objective tool with which to evaluate this highly variable impairment likely results in irregular evaluations and documentation of these evaluations. This variability likely occurs between institutions and among individual providers with different degrees of experience with this population. With no standard evaluation of alcohol-intoxicated ED patients there is limited ability for a provider to objectively estimate degree of impairment and judge from the documentation improvement between serial examinations.
Bedside EM providers are charged with ensuring patient health and safety. Assessment and disposition of AI patients is based on clinical performance and ability, generally not on blood levels. The exception to this involves patients who will be participating in activities where there is a legal mandate of "acceptable" ethanol levels (e.g., <0.08 g/dL in patients who will drive their car from the ED).
Previous attempts reveal poor to moderate concordance between blood alcohol content and unstructured clinical assessment of "intoxication." [11] [12] [13] [14] [15] This may in large part be due to subjective clinician assumptions, but also is likely related to the familiarity of the health care provider in making such assessments, patients' tolerance to alcohol, and cultural variation in "intoxicated" behavior. 16 A recent pilot study assessed the use of a novel standardized assessment tool that applied a numerical value to the degree of impairment in specific abilities exhibited by alcohol-intoxicated ED patients (Hack's Impairment Index [HII] score). 17 In the 293 patients assessed over 6 months, the HII score appeared to measure clinically relevant impairment from alcohol in aspects other than what is reflected by a measured alcohol level alone and showed a consistent rate of decline of scores over time in the ED. A recent study comparing the performance of the HII score side by side with other alcohol assessment tools found it to be valid and reliable. 18 To our knowledge, this study is unique as it included extremely intoxicated patients (representative of what is actually seen in the ED) and is the largest group of AI ED patients to be assessed with a standardized tool to estimate clinical function.
Goals of This Investigation
This study's goal was to evaluate the HII score's performance in assessing AI patients presenting to a busy, urban, academic tertiary care ED over 24 months. HII scores were compared with "usual" bedside nursing assessment and either breathalyzed or blood alcohol levels. Patients were stratified by their frequency of presentation for alcohol intoxication over the study period. Additionally, we evaluated whether this study's large cohort had a similar rate of change in serial HII scores over time compared to that found in the pilot study.
METHODS

Study Design
This was a retrospective chart review of patients assessed in the ED for a primary complaint of alcohol impairment or for patients whose ED course ultimately included a period of observation for resolution of alcohol induced impairment. The study was designed to compare each AI patient's HII scores with the usual clinical assessment of impairment by nursing staff, and the patients' ethanol levels. Alcohol-intoxicated patients were stratified by degree of frequency of visits to the ED during the study period for alcohol intoxication.
The study also assessed whether the improvement in clinical function over time in this study's large cohort would be consistent with results of a prior pilot study 17 and if the decline in the HII score values over time would be similar. Our previous study showed a consistent HII score decline by 1/8 of a point every 2 hours, regardless of the frequency with which patients visited the ED for alcohol intoxication.
Setting
The ED at Rhode Island Hospital, in Providence, is a busy (>103,000 adult visits/year), high-acuity, urban, tertiary care center and the only Level I trauma center in Rhode Island. The ED contains a behavioral health unit ("D-Pod"), a 20-bed unit where AI patients are continuously observed and assessed after being screened for a concurrent illness or injury by a physician or advanced practice provider. These patients are then serially observed by a dedicated team of nurses, trained in both the routine care of AI patients and in the administration, scoring, and recording of the HII score, until the time of disposition.
Included Patients
All AI patients presenting to the AEC at any time of day between January 1, 2013, and December 31, 2014, and cleared for continued assessment in the DPod were eligible for inclusion. Patients were retroactively classified based on the number of visits for AI during the 24-month study period. Those with only one visit were classified as "low-frequency" patients, those with two to five visits as "moderate-frequency" patients, and those with six or more visits as "high-frequency" patients.
Excluded Patients/Data
Individual visits were excluded if the bedside provider documented a suspicion (or if it was determined by laboratory data) that the patient was concomitantly impaired by other substances (e.g., heroin, cocaine, benzodiazepines; obtaining drug screens was up to the provider) or if the patient had a seizure in the field or during their stay, any documented episode of hypoglycemia (blood sugar < 70 mg/dL), or any preexisting or concomitant condition that would preclude accurate assessment of ability (e.g., concurrent significant laboratory abnormality, inability to walk, inability to use dominant hand).
HII scores and nursing assessment of impairment were excluded if the patient had received benzodiazepines during their ED stay. For measures of serial scores in patients with multiple visits, one was selected for analysis, identified by the greatest number of valid and complete HII scores, preferentially including visits for which nursing assessments and other relevant data were most complete. A score was deemed valid if each subscore (0-4 or "refused") could be accurately identified and if the sum of subscores reported matched the total score reported by the same nurse; a score was deemed complete if it included all such subscores. For those with several visits with similarly complete and usable data, the first such visit was selected for analysis.
Scoring
The HII is scored from 0 to 4 on each of five tasks: speech quality and mentation (response content); gross motor skills (stability on sitting, standing, and walking); eye movement (accuracy of tracking a moving finger with eyes and nystagmus); coordination with target pursuit (touching their finger to examiner's finger); and fine motor skills (ability to trace a curve between two printed lines on a piece of paper). Specifics for each assessment have been published previously 17 and are described in Data Supplement S1 (available as supporting information in the online version of this paper, which is available at https://doi.org/onlinelibrary.wiley. com/doi/10.1111/acem.13266/full). Broadly, each task was scored 4 if they were unable to comply, 3 if they could try to comply but not complete the task, 2 if they could do the task poorly, 1 if they could do the task adequately but not perfectly, and 0 if they could do the task perfectly. If a patient refused to participate in a task, this was documented and the section was unscored. The final HII score was obtained by dividing the sum of all subscores by the maximum score for all completed tasks (i.e., 20 if all subscores were obtained, 16 if one assessment was refused). Thus, final scores ranged from 0 (all items performed perfectly) and 1 (all items performed with maximal impairment).
Ethanol Levels
Ethanol levels were obtained by either breathalyzer or serum level at the discretion of the team providing clinical care. Any repeat levels were at the discretion of the treatment team.
Usual Nursing Assessment
The "usual nursing assessment" was informally structured and varied between nurses. It included vital ACADEMIC EMERGENCY MEDICINE • , Vol. 24, No. 10 • www.aemj.org signs and informal interaction to assess mental status and examination and ability to perform gross motor tasks.
Assessment Interval and Documentation
Serial HII scores and usual assessments of AI were performed concurrently by the nurse caring for the patient at 2-hour intervals. A consensus group of nursing helped establish usual nursing assessment terms for degree of intoxication: not intoxicated, minimally intoxicated, moderately intoxicated, very intoxicated, or extremely intoxicated. All such assessments and scores were documented electronically in the medical record.
Training Over 1 year prior to the initiation of the present study D-Pod nurses were trained in HII administration and scoring by the authors (JBH, EJG). Nursing leadership issued reminders, a poster of HII score performance and scoring was hung in the D-Pod, and laminated cards with similar information were distributed. Repeat training sessions were done intermittently at nursing request.
Data Abstraction
Data were abstracted from the electronic medical record (MEDHOST 4.3) retrospectively from ED charts of patients seen between January 1, 2013, through December 31, 2014. Records were selected if the visit included an evaluation in the D-Pod with a chief complaint or diagnosis of alcohol intoxication. Trained research assistants manually abstracted data from each record, including HII scores and subscores, nursing assessments, and administration of benzodiazepines. All records as abstracted were reviewed by an author (EJG) for data integrity, including transcription accuracy, calculation errors, and unit errors (e.g., ethanol levels reports as decimals vs. whole numbers). If a chart contained something flagged as grossly implausible (e.g., patient assessed as unconscious but "awake and alert"), the original chart was reviewed by a data manager (DF) who corrected or discarded the item if the discrepancy could not be resolved.
Data Analysis
Associations between HII scores and concomitantly obtained ethanol levels were performed with Pearson's correlation coefficients, as well as simple ordinary least-squares linear regression. Associations between either of these scores and nursing assessment of impairment due to alcohol were performed using oneway analysis of variance (ANOVA), with pairwise ttests between categories of nursing assessment as a secondary analysis. Despite the multiple comparisons involved in this secondary analysis, there was no attempt to use Bonferroni or other correction, owing to autocorrelation and as this was merely exploratory and meant to provide a basis for comparison between discriminatory power of HII scores versus ethanol levels to quantify degree of clinical impairment, for patients in different categories of visit frequency.
Changes in HII scores over time were determined as a difference between scores obtained serially, divided by the time between times at which those scores were determined, as recorded in MEDHOST. Scores were excluded for invalid documentation (as described) or for maximal (1) or minimal (0) values, to avoid ceiling and floor effects; i.e., where patients may have remained maximal beyond the initial assessment time or returned to baseline before the follow-up assessment. Comparisons were made between rates of change in HII score between low-, medium-, and highfrequency visitors using one-way ANOVA.
RESULTS
Sample Size and Categorization
Over 24 months, a total of 8,074 visits of 3,129 unique patients were evaluated in the D-Pod for a primary complaint of "alcohol intoxication." Baseline characteristics of patients and their individual visits for each of these categories are shown in Table 1 . The distribution of patient visit frequencies were highly skewed, with 2,375 patients accounting for 29.4% of all visits; an additional 600 patients accounted for a total of 50.5% of visits, with an additional 133 patients accounting for a total of 75.2% and just 21 patients accounting for the remaining 24.8% (Figure 1) . A total of 2,375 patients were classified as lowfrequency visitors, 575 as medium-frequency, and 179 as high-frequency visitors.
Excluded from further study were 548 visits-368 for concomitant additional intoxicant (suspected or confirmed by laboratory data); 55 for seizure; 11 for an underlying condition precluding accurate assessment (four with encephalopathy, three with dementia, two with other cognitive disorders, one in diabetic ketoacidosis, and one with Huntington's chorea); 81 with hypoglycemia; 10 with major medical disorders (one with acute stroke, eight with hypoxia, and one with respiratory arrest); 21 with major trauma (16 with significant fractures, four with intracranial bleeding, and one with traumatic hemothorax); and two without a final diagnosis documented in the record.
A total of 337 visits were included for study involved additional diagnosis of minor injuries (e.g., contusions, sprains) not thought to impact their assessments. A total of 407 patients had a demonstrated alcohol level below 0.1%; these were included in the study to determine the accuracy of HII scores for relatively unimpaired patients. The final study group used for analysis consisted of a total of 7,526 visits from 2,837 unique patients.
Examination of this final group revealed that clinical assessments were used much more frequently than ethanol levels during patients' stay. Nurses were as likely to use the HII score as often as their usual assessment to document measure of clinical impairment. Serial assessments were obtained in 64.7% of visits. The frequency with which ethanol levels, valid HII scores, and usual nursing assessments were recorded for each visit frequency category is shown in Table 2 .
Comparisons Between Measures of Alcohol Impairment: HII Versus Ethanol Levels
The correlation between first ethanol levels and first HII score was modest across all visit frequency categories. 
Comparisons Between Measures of Alcohol Impairment: HII Versus Usual Nursing Assessment
For the low-frequency group, all pairwise comparisons between categorical assessments of the degree of AI (not, minimally, moderately, very, or extremely intoxicated) were extremely highly significant (p < 0.0001). For the medium-frequency group, all such pairwise comparisons were very highly significant at p < 0.001, with most differences still significant at p < 0.0001. For the high-frequency group, all pairwise differences were extremely highly significant (p < 0.0001) save for the difference between extremely and very intoxicated (p = 0.09; Figure 3 ).
Comparisons Between Measures of Alcohol Impairment: Usual Nursing Assessment Versus Ethanol Levels
The difference in mean alcohol levels between categorical assessments of AI was often not statistically significant. In general, differences between levels of impairment were smaller and less likely to reach statistical significance in higher-frequency visitors. illustrates the significant overlap in the range of ethanol levels between categories, demonstrating far less discriminating ability compared to HII scores (compare with Figure 3 ).
Rates of Change in HII Score Over Time
Serial HII scores were assessed in 1,246 visits. HII scores declined consistently through time-on average 0.0616 per hour (95% CI = 0.0556 -0.0677). This linear decline was consistent across all the visit frequency groups, with scores decreasing by 0.0658 per hour (95% CI = 0.0568-0.0747) in the low-frequency cohort, 0.0593 per hour (0.0474 -0.0713) in the medium-frequency cohort, and 0.0561 per hour (95% CI = 0.0454-0.0669) in the high-frequency cohort, with no statistically significant difference between the three groups (p = 0.42 by ANOVA; Figure 5 ).
DISCUSSION
Worldwide, emergency physicians and other acute care providers are charged with assessing, observing, and holding AI patients until "sober." Unless the patient will be violating a law at discharge (e.g., driving a car above a specific ethanol level), there is no medical necessity to hold patients until a specific level of ethanol is reached. Therefore, patients are typically dispositioned on clinical grounds with a clinical gestalt of "sobriety" as a common surrogate for adequate resolution of mental status change to safely discharge the patient. However, the ability to clinically identify alcoholinduced impairment and its resolution is elusive. Clinicians often rely on a blood alcohol assessment (or breathalyzer) as a proxy assessment of impairment. Unfortunately, the concentration of alcohol gives little information about the degree of clinical impairment. [11] [12] [13] [14] [15] Reasons for this disconnect include patient's sex, age, frequency of ethanol intake, liver function, and other factors impacting tolerance to the clinical effects of alcohol. Additionally, some alcoholdependent patients are at their maximal ability to function at an elevated blood alcohol concentration. If their alcohol level falls below this amount, the patient may suffer the consequences of alcohol withdrawal, which is injurious. In general, we found a poor association between ethanol levels and either HII scores or usual nursing assessment of the degree of patients' impairment by alcohol. This supports the common anecdotal finding that ethanol level alone is a poor gauge of how impaired a patient appears. We found that there was a stronger correlation of clinical measurement and ethanol levels in low-frequency patients, with frequency serving here as a proxy marker for alcohol use habits and tolerance. This suggests that alcohol levels may be somewhat more strongly associated with level of impairment in this group, while those with more frequent exposures to alcohol would be expected to be habituated and less clinically affected by similar ethanol levels. However, determination of a patients' frequency of use can often be made only retrospectively.
Many of our D-Pod nurses are dedicated to that area and have many years of experience working with, and evaluating, alcohol-intoxicated patients. We found that HII scores were highly correlated with their usual nursing assessment and this persisted between all visit frequency categories. This suggests that the HII scoring may be a consistent, standardized proxy for experience in the evaluation of impairment due to alcohol. An additional potential benefit to the HII score may be to create an educational framework for teaching assessment of these patients to new providers who will be caring for them in the acute clinical setting.
Serial assessment of patients with the HII revealed a decline in scores over time that was constant throughout a patient's stay. This change over time was statistically indistinguishable from those seen in our prior pilot study. This constant decline was also similar across all visit frequency categories. There was, notably, a significant range of values in the distribution of serial scoring with some HII scores-some remained constant or even initially increased (negative values of decline on Figure 5 ). We suspect that some of this was due to measurement error, but others were likely due to patients who ingested alcohol just prior to arrival and continued to absorb alcohol while in the ED, thus becoming more impaired over the initial portion of their ED stay. Even with these irregularities, the distribution of scores remains remarkably robust, and the mean rate of decline is steady throughout the patient's entire stay.
This study revealed an interesting trend, similar to the pilot study 17 -there was a consistent rate of HII score decline (1/16 point per hour) which might be used to predict when the patient would achieve a score of 0 (become unimpaired). For example, a patient scoring a 10/20 (0.5) would be expected to become unimpaired in 8 hours (0.5 9 16 = 8). Serial HII scores following a linear trend would serve as an additional guide to prognosticate when resolution of impairment should occur and potentially detect patients not following an expected pattern (e.g., having an occult concurrent illness or injury). Moreover, the similar decline across high-, medium-, and low-frequency groups suggests that the HII score can be used to predict time to resolution of alcohol impairment, regardless of that patient's prior history of alcohol use.
A recent study compared the performance of the HII score, the standardized field sobriety test, the Cincinnati intoxication examination, the binary intoxication question, and the visual analog scale. 18 It found that the HII had excellent inter-and intra-rater reliability compared with the others and was "simple enough to use by providers with different clinical backgrounds." 18 
LIMITATIONS
Because of institutional limitations, this was a retrospective evaluation of a new assessment technique as practiced routinely in a busy urban hospital ED. As such, health care providers often had limited time and variable commitment to the protocol. This resulted in data that were more error-prone than would have been found in a controlled setting. However, this allowed a more realistic evaluation of how the HII performs in a busy, academic ED.
As with any in situ clinical evaluation, there are data inaccuracies that stem from inaccurate assessment and recording. Despite extensive data validation and cleansing, it was impossible to determine whether certain data points represented such errors, legitimate failure of the scoring system to assess alcohol impairment, or successful distinction between clinical impairment and serum levels. For instance, a patient might score on the HII score if deliberately underperforming (e.g., not attending properly to the tracing section) in efforts to secure a bed, or an alcoholic patient with high tolerance might legitimately have a high serum level but remain unimpaired according to HII score.
We were unable to assess the degree to which nursing assessments (i.e., HII scores and general bedside assessment) were reproducible between nurses. We were also unable to control for nursing adherence to the protocol. The study does provide the ability to make a side-by-side comparison of these assessments and would appear to reflect the relative precision of these assessments, even in the face of clinical variability.
Additionally, there is undoubtedly some bias introduced between general assessments of AI and HII scores, as these were routinely performed by the same nurse. However, nursing assessments should have been determined prior to HII scores, somewhat mitigating this effect. Moreover, scores were frequently obtained by several nurses over the course of a patient's evaluation by a large number of nurses, which would tend to generalize findings and further mitigate this bias.
CONCLUSIONS
The Hack's Impairment Index score was a reliable, easy to perform method to objectively and serially evaluate ED alcohol-impaired patients at the bedside. The Hack's Impairment Index score appeared to correlate well with nursing assessment of alcohol impairment, while ethanol levels corresponded poorly with either Hack's Impairment Index scores or usual nursing assessment of impairment. When evaluated serially, the Hack's Impairment Index scores declined in a predictable manner over time (1/16 point per hour), which corresponded well with health care provider evaluation of resolution of impairment. As such, the Hack's Impairment Index score appears to be an improvement over alcohol levels to objectively characterize the degree of impairment from alcohol.
